Abstract Background: Improving the outcome of mechanically ventilated patients remains a mission we all strive to achieve.
Introduction
The need for mechanical ventilation (MV) is a frequent reason for admission to an intensive care unit (ICU) [1] . The principal indications for MV are airway protection and respiratory failure [2] which are considered the most common vital organ failure seen in critically ill patients. Among ICU patients, 40-65% need MV during their ICU stay [3] . Patients receiving MV require a complex, well-organized, and technically sophisticated level of care [4] . Recently, the use of noninvasive techniques of ventilatory treatment has increased, and patients treated with these modalities need to be included in epidemiological study concerning acute respiratory failure [5] . Every year there are many hundreds of research papers published that help us to better understand the physiology and pathophysiology of our patients and also how our treatment strategies interact and eventually alter a patient's course [6] .
Patients and methods
This prospective study was conducted on consecutive adult patients who received mechanical ventilation between July 2013 and June 2014 at EL-Mahalla Chest Hospital ICU. It is a nine-beded respiratory intensive care unit staffed by a team of pulmonologist (consultants, specialists and residents) and a nursing staff. The unit is equipped by invasive and non invasive (continuous positive airway pressure (CPAP) and Bilevel positive airway pressure (BIPAP)) mechanical ventilators. According to the hospital registry files; the unit serves all patients from western delta region especially Gharbia and Kafr Elshiek Governorates with an occupancy rate of 35-45% that increases up to 75% during epidemics. Before data collection, the study protocol was approved by the hospital's review board. The data collected in each patient includes: clinical history and examination, routine laboratory investigation, plain chest-X-ray, ECG, Arterial blood gases, Acute Physiology and Chronic Health Evaluation II (APACHE II), Glasgow coma score (GCS), indication of ICU admission, indication of MV, follow up of ICU course (including change in ventilator settings and complications) and final data (including duration of MV, duration of ICU stay and outcome).
Statistical methodology
Quantitative data were expressed as mean ± standard deviation (X ± SD) and analyzed using Student's t-test for comparison of two groups of normally distributed variables. Qualitative data were expressed as number and percentage (No. and %) and analyzed using chi-square test. The analysis of variance (ANOVA) test was used for comparing quantitative data among the three studied groups. The Receiveroperating characteristic (ROC) curves were constructed to illustrate the predictive value of cut-off points of APACHE II and GCS. The point with the largest sum of sensitivity and specificity was chosen as a threshold. All these tests were used as tests of significance at P < 0.05. The data collected were analyzed by SPSS version 17.
Discussion
This study included 130 patients subjected to MV; divided into three groups according to the type of MV: Group A: IMV: 52 patients (40%), Group B: NIMV: 66 patients (50.77%) and Group C: NIMV failure that needed IMV: 12 patients (9.23%) (Fig. 1) . This differs from a study by Venkatram [7] . In which 59% of the patients were subjected to IMV, 35.6% subjected to NIMV and 5.45% of the patients demonstrated NIMV failure and needed endotracheal intubation. NPPV utilization varied among different acute care hospitals from none to 50% due to different hospital protocols. However, there is an increasing tendency toward the use of NIMV in hospital settings and this may be related to the benefit of NIMV over IMV in decreasing the need for endotracheal intubation, lower infectious complications and reduced length of ICU and hospital stay accounting for lower health care costs as well as decreased mortality rate [5] .
The current study showed that 9.23% of the patients demonstrated NIMV failure which differs from other rates reported in other studies [7] [8] [9] [10] that showed NIMV failure rates between 7% and 62.5%. NIMV failures can be accountable to both patient factors and system factors. Predictors of NIMV failure include Glasgow Coma Score < 11, APACHE II > 29, respiratory rate >30 breaths/min and pH at admission <7.25 [11] . Low NIMV failure rates in our study could be attributed to both early initiation of NIMV, younger age and lower APACHE scores in patients subjected to NIMV.
In the present study the mean age of all the studied patients was 58.47 ± 8.2 years, 82% were males, 87.69% were resident in rural areas and 63% had a positive smoking history with non-significant differences between the studied groups ( Table 1) . This is in agreement with a study done by Venkatram et al., Paolo et al. and Antonelli et al. [7, 12, 13] , who demonstrated NIMV failure and the need for IMV in the older age. This is because old age is associated with poor nutritional status manifested by low body mass index (BMI) and decreased muscle power with weak cough reflex and retained excessive secretions which are additional risk factors for NIMV failure and the need for IMV [14] . Male sex was predominant in the three groups. This is in agreement with studies by Esteban et al. [15] and Kubler et al. [16] which showed that men account for more than half of the patients receiving MV in ICU. They explained this by the commonest etiology of respiratory failure and so-often MV was COPD which is more prevalent in males than females. In the present study there is no significant difference between groups as regards residence. Kubler et al. [16] showed that the modes of MV varied between different countries due to the variability in the prevalence of each disease that causes respiratory failure with different strategies of MV. In the present study the percentage of positive smoking is high in the three groups as this study was carried out in a chest hospital and smoking is a risk factor for many chest diseases especially COPD [17] . In this study the APACHE II score was the highest in groups A and C and lowest in group B with significant difference between groups (Table 1) . This agrees with a study carried out by Venkatram et al. [7] which demonstrated that the mean admission APACHE II score was lower in NIMV as compared to the IMV group. Moreover Celli et al. [18] demonstrated that a high APACHE II score proved to predict NIMV failure and need for IMV. This is because high APACHE II score means more severe acute illness and bad chronic health status of the patients that need IMV rather than NIMV [14] .
In the present study the GCS was significantly lower in group A than in groups B and C (Table 1 ). This matches a study done by de Souza Passarini et al. [19] that demonstrated failure of NIMV and need for IMV in patients who presented with lower GCS. Also Confalonieri et al. [11] demonstrated that the patients who presented GCS <11 exhibited a >70% risk of NIMV failure and need for intubation. This was explained in the same study that low GCS is associated with decreased conscious level that makes NIMV not suitable as it needs the patient to be more co operative with the ventilator.
As regards admission ABG, in this study PH was lowest in group A, followed by group C and highest in group B ( Table 2 ). This matches studies by Confalonieri et al. [11] , Massimo et al. [20] and Shirakabe et al. [21] that showed that lower PH increases the risk of IMV and failure of NIMV by >90%. On the other hand this disagrees with a study done by Chu et al. [22] which involved patients with severe acidaemia (mean pH 7.24) requiring NIMV. However, that study included only patients with COPD exacerbations, while our patients had also different chest diseases that make the comparison not completely appropriate. As regards Po 2 , it was significantly lower in groups A and C compared to group B (Table 2 ). This matches a study by Confalonieri et al. [11] that showed severe hypoxemia was associated with the risk of IMV and failure of NIMV. As regards Pco 2 , it was significantly higher in groups A and C and lower in group B (NIMV) ( Table 2 ). This is in agreement with studies done by Confalonieri [11] , Plant [23] that showed high PaCO 2 level is predictive of NIMV failure and the need for IMV. On the other hand a study by Venkatram et al. [7] that showed no difference in the mean PaCO 2 value between both groups. As regards HCO 3 it was relatively lower in group A (IMV) followed by B (NIMV) with no significant difference. This matches a study by Madkour et al. [24] which showed lower HCO 3 level in IMV than NIMV. On the other hand this differs from a study by Vanani [25] that showed HCO 3 levels on admission were significantly higher in patients who failed NIPPV. However, these patients had higher levels of PaCO 2 , of which, it has a direct relation and also depends on the subject's ability to compensate. In the present study the indications for MV in all the studied patients were acute on top of chronic respiratory failure (77.7%) followed by acute hypoxemic respiratory failure (11.54%), post arrest (10%) and coma (0.77%) ( Table 3) . This is in agreement with studies done by Demoule et al. [5] and Kubler et al. [16] which showed that 60% of mechanically ventilated patients were due to acute on top of chronic respiratory failure and 40% due to post arrest and coma.
In the present study, the most prevalent diagnosis in the three groups (A-C) was COPD (38.5%, 51.5%, 75%) respectively followed by interstitial lung disease (25%), bronchial asthma (13.5%) and the lowest was obesity hypoventilation (1.9%) in group A, obesity hypoventilation (30%), pulmonary edema (7.6%), interstitial lung disease (6.1%), bronchial Table 3 Indication of mechanical ventilation in the studied groups.
Reason of mechanical ventilation Groups
Group A Group B Group C Total Chi-square Table 4 Baseline diagnosis of the studied groups.
Diagnosis Groups asthma (4.6%) in group B and obesity hypoventilation (25%) in group C (Table 4) . Kubler et al. [16] showed the commonest etiology of respiratory failure leading to IMV and NIMV was COPD (14% and 44% respectively) followed by ARDS, pneumonia, cardiogenic pulmonary edema and others in IMV. But followed by obesity hypoventilation, cardiogenic pulmonary edema and others in NIMV, this matches a systematic review and meta-analysis by Lightowler et al. [10] which demonstrated that NIV should be the first treatment of choice in COPD patients, especially those patients who exhibit pH < 7.35. In the current study the most common initial mode of MV in group A was IPPV (76.9%) followed by SIMV (23.1%) ( Table 5 ). This matches a study by Elmetwally et al. [26] which showed that 55% of the patients in IMV group received IPPV as an initial mode while 45% received SIMV. However, Esteban [15] and Kubler et al. [16] , showed different modes of mechanical ventilation. In NIMV, the modes were BiPAP (84.9%) followed by CPAP (15.2%) ( Table 10 ). This agrees with a study done by Venkatram et al. [7] . On the other hand this differs from a study by de Souza Passarini et al. [19] . Differences between studies could be attributed to different patient characteristics and management protocols. In the present study the mean duration of MV, duration of weaning and the mean length of ICU admission were significantly highest in group C and lowest in group B (Table 6 ). This matches a study by Venkatram et al. [7] . The decreased duration with NIPPV may be due to the advantage of avoidance of sedation with its complication, elimination of extra work of breathing superimposed by endotracheal intubation and lower rate of complication especially ventilator associated pneumonia [26] .
In this study the highest recorded complication in group A was renal impairment or failure (11.5%) followed by ventilator associated pneumonia (5.77%) and cardiogenic shock (5.77%) ( Table 7) . In a study done by Esteban et al. [15] who studied 5183 patients receiving MV, the complications recorded were barotrauma (3%), ARDS (22.1%), pneumonia (9.8%), shock (22.1%), acute renal failure (9.8%), hepatic failure (6.3%), and coagulopathy (10.6). In a study done by Prakash et al. [27] the recorded complications were pneumonia (29%), airway complications (10%) gastrointestinal hemorrhage (11%), cardiovascular complications (8%), equipment failure (7%), barotrauma (2%), and failure of closure of tracheal stoma (1%). In the present study the incidence of ventilatorassociated pneumonia was more with IMV compared to NIMV matching with studies by Nava et al. [28] and Hill et al. [29] . In group B the highest associated complication was nasal bridge ulceration (3.08%) matching a study done by Hill. [30] and Holanda et al. [31] which demonstrates that nasal bridge injury is a common problem with NIMV due to the use of appropriately sized mask, adjusting head gear, and using foam pads and chin straps to minimize air leaks [32] .
In the current study, the mortality rate was high in group A and C (IMV) with total percentage of 16.15% with no recorded mortality in group B (NIMV) ( Table 8 ). This percentage was similar in some studies as Cohen et al. [33] and higher in other studies as Stauffer et al. [34] The variation may be due to: Wide variation in the number of studied patients, wide variation in the duration of ventilator support from minimal duration of fewer hours to several days, exclusion of some diseases and inclusion of other cases as post traumatic and postoperative with strong difference between medical and surgical ICU and variations in criteria used for diagnosis of respiratory failure [35] .
In the present study non survival was associated with higher APACHE Score and lower Glasgow Coma Score than the Table 5 Initial mode of mechanical ventilation in the studied groups.
Mode of MV Groups
Group A Group B Group C Total Chi-square Table 6 The duration of mechanical ventilation, duration of weaning and duration of ICU stay in the studied groups. survival group (Table 9 ). This is in agreement with a study by Confalonieri et al. [11] , Ucgun et al. [36] and Carratu et al. [37] who showed that reduced GCS was associated with in-hospital mortality. Moreover, a study done by Bastos et al. [38] demonstrated the importance of conscious level as a prognostic value of ICU mortality. On the other hand this disagrees with the studies done by Krempf et al. [39] and Potier et al. [40] which demonstrate the initial conscious level has no value in ICU mortality. This may be due to the inclusion of post traumatic and post-operative cases which generally had lower GCS with better prognosis. In this study the highest mortality was associated with ARDS (100%), severe pneumonia (100%) followed by bronchial asthma (30%), interstitial lung disease (23%). The lowest mortality was recorded with COPD patients (11.1%) (Table 10) , while a study by Esteban et al. [15] , showed mortality rate in ARDS (60%). The difference between both results may be due to difference in disease severity and the influence of different ventilator strategies on the outcome of patients with ARDS and/or acute lung injury [41] . In similarity, a morality rate (13.3%) in COPD patients was recorded by Madkour et al. [24] and Connors et al. [42] , and this differs from studies by Mohan et al. [44] and Khilnani et al. [43] showing that COPD requiring MV reported hospital mortality of 32% and 28% respectively. As regards indication of MV the highest mortality was associated with acute hypoxemic respiratory failure (53.3%) followed by post arrest (46.2%) and the lowest mortality was associated with acute on top of chronic respiratory failure (6.9%) ( Table 10 ). This matches a study by Demoule et al. [5] that showed better outcome in subjects with acute on top of chronic respiratory failure (mortality rate 20%) compared to those with acute respiratory failure, (mortality rate of 41%). Also this matches a study by Esteban et al. [15] which showed that the only factors independently associated with decreased survival were post arrest, ARDS and sepsis. In a study by Nadkarni [45] , among the 19,819 adults and 524 children who regained any spontaneous circulation, in-hospital mortality rates were 67% and 55%, respectively. In a study done by Nolan [46] patients in the United Kingdom who were admitted to critical care units after cardiac arrest, the in-hospital mortality rate was 71%. The cause of these differences is multifactorial but includes variability in patient populations, reporting methods, and potentially postcardiac arrest care [47, 48] .
In the present study, the highest risk of ICU mortality could be performed at a cut-off point of APACHE II >30 with accuracy of 0.731 (sensitivity 57.1%, specificity 88.1%, positive predictive value 48% and negative predictive value 91.4%) (Table 11 ). This matches a study done by Lee et al. [49] which demonstrated that APACHE II is a strong predictor of ICU mortality at a cut-off point of >28 (sensitivity 68%, specificity 100%). On the other hand this differs from a study by Oh et al. [50] which demonstrated that APACHE II is a strong predictor of ICU mortality at a cut-off point of >11. The difference between studies may be related to the pitfalls in applying APACHE II as it is a static model and may not reflect the rapidly changing nature of the pathological processes affecting patients with critical illness and may also relate to the involvement of certain groups in the study which may be per se has good outcome such as postoperative patients or bad outcome as patients admitted after cardiopulmonary arrest [49, 50] . Table 7 Recorded complications in the studied groups. Table 8 Comparison regarding outcome in the three groups.
Group A Group B Group C Total In the present study, the highest risk of ICU mortality could be performed at a cut-off point of GCS < 10 with accuracy 0.689 (sensitivity 71.4%, specificity 76.1%, positive predictive values 36.6% and negative predictive values 93.4%, 71.4%) (Table 12 ). This differs from studies by De Rooij et al. and Khajeh et al. [51, 52] which showed that GCS scores appear to be most strongly related to death at a cut-off point of <6 and <9 respectively. The difference between studies may be related to the involvement of post traumatic patients in the first study and inclusion of only patients with neurological problems in the other study and the results of this study cannot be extended to all patients.
Conclusions
Acute on top of chronic respiratory failure remains the most common cause of MV. Demographic data of the patients and associated co-morbidities did not affect the choice of type of MV. Moreover, the highest risk of ICU mortality could be performed at a cut-off point of APACHE >30 and GCS < 10. Hence, survival among mechanically ventilated patients depended on the baseline characteristics at the start of MV, as well as on the development of complications and management protocols in the ICU.
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